The purpose of the present study was to examine whether intima-media thickness (IMT) predicts the presence of the coronary artery lesions independent of other risk factors including clinic blood pressure (BP), parameters of 24-h ambulatory BP monitoring, body mass index, serum cholesterol, and glucose levels.
A
therosclerosis is considered as a generalized disease of the vascular system. Autopsy studies have shown that extracranial carotid atherosclerosis is correlated with coronary atherosclerosis. Studies support that there is an association between cerebral ischemia and coronary artery disease (CAD). 1 It is known that hypertensive patients have increased intima-media thickness (IMT) values and also that hypertension is a risk factor for both coronary and carotid artery diseases. Some studies also had showed that mean 24-h systolic blood pressure (BP) and 24-h pulse pressure are associated with carotid IMT. [2] [3] [4] [5] However, there is controversy about the association of carotid IMT with coronary artery stenosis. Studies by Craven et al 6 and Huttle et al 7 support that there is a positive correlation between carotid and coronary atherosclerosis, whereas Adams et al 8 did not found a strong correlation between carotid arteries atherosclerosis and the severity of CAD.
Therefore, we have reexamined the relation between IMT of carotid arteries and coronary artery lesions in patients who had recently undergone coronary artery angiography. Previous studies had not used 24-h ambulatory BP monitoring (ABPM), whereas we used 24-h measurements to evaluate BP parameters. The 24-h BP parameters are reproducible and correlate better with target organ damage than those of clinic BP. Evidence is available that 24-h, daytime, or night-time average BP values correlate with target organ damage more closely than office values. 9 Evidence is also available that ambulatory values are more predictive of cardiovascular risk than office values 10 -13 and that improvement of left ventricular hypertrophy is more closely related to treatment-induced changes in average ambulatory than office BPs. 14 -16 With ABPM, it is also possible to study morning BP increase, dipping and nondipping status, and BP and heart rate variabilities, and finally the circadian 24-h BP profile of the patients, which might play an important role in CAD. Noninvasive measurements of IMT of carotid arteries could be useful in clinical practice if they were related to the extent and the severity of coronary atherosclerosis.
Methods

Study Population
All patients gave their written informed consent to participate in the study. The institutional review board approved the human research protocol. The institutional review board approved the human research protocol. The study population consisted of 390 consecutive patients (345 men and 45 women) aged 35 to 80 years who had been referred to our hospital (Department of Clinical Therapeutics, Alexandra University Hospital, Athens, Greece) from January 2003 until May 2004 for coronary angiography. Indications for coronary angiography were: 1) signs or symptoms of angina; 2) positive exercise test or evidence for high risk on noninvasive testing in asymptomatic patients; 3) multiple risk factors in high risk occupation (pilots, bus drivers); 4) atypical chest pain when noninvasive stress test reveals high risk for coronary disease; 5) associated symptoms or signs of abnormal left ventricular function; and 6) patients in whom CAD cannot be excluded by noninvasive studies. Patients with a history of cardiomyopathy, systematic disease, coronary artery bypass graft, percutaneus transluminal coronary angioglasty, history of carotid endarterectomy, or myocardial infraction were excluded. Also patients with unstable angina were excluded from the study. Fasting serum glucose, fasting serum cholesterol and triglycerides were measured, and smoking habits were recorded. No patient refused to participate in the study.
Coronary Angiography
Coronary angiography was performed by the Judkins technique, two observers, who were blinded to the carotid IMT scores and whose only involvement in the study was scoring the angiograms, performed the angiographic score. Coronary angiograms were interpreted visually and were always analyzed in two orthogonal views. The severity of coronary lesion was evaluated by the Gensini score, a computerized scoring system of CAD severity that depends on the degree of luminal narrowing, the geographic importance of each stenosis, the ejection fraction of the heart, and possible collateral circulation of coronary arteries. 17, 18 Clinic BP Measurements and ABPM Clinic BP was measured three times in each subject using a mercury sphygmomanometer (appropriate size cuff applied around the nondominant arm and systolic and diastolic values identified from the first and fifth phase of Korotkoff sounds). During the measurements the participant remained seated with the arm comfortably placed at the heart level. All subjects underwent 24-h ABPM on a usual working day 1 month after the coronary angiography. Patients did not receive any antihypertensive treatment or all treatment was withdrawn for at least 2 weeks before ABPM. The Spacelabs 90217 ambulatory BP monitor (Spacelabs Inc., Redmond, WA) was used. The cuff was placed around the nondominant arm and three BP determinations were made, along with sphygmomanometric measurements to verify that the average of the two sets of values did not differ by more than 5 mm Hg. Readings were obtained automatically at 15-min intervals throughout the 24-h study period. All subjects included in the study had at least three valid readings per hour. The resulting 72 to 96 pairs of systolic and diastolic BP readings per recording with the corresponding time of measurement were used to calculate BP derivatives. All subjects were instructed to rest or sleep between 11 PM and 6 AM and to maintain their usual activities between 6 AM and 11 PM. Five patients were not included in the analysis because they had less than three valid measurements per hour.
19,20
Ultrasound Measurements (IMT of Carotid Arteries)
Ultrasound measurements were performed on the same or the next day of ABPM. All participants were examined in the supine position with the head slightly elevated. The scans were performed with a high resolution ultrasoundDoppler system (Acuson 128 XP, Mountain View, CA) using a 7-MHz linear transducer. Both carotid arteries were scanned longitudinally to visualize the intimamedial complex in the far wall of the artery. The best images of the far wall that could be obtained were used to determine the common and internal arteries IMT. Reading and analyzing the data were done as previously described. 20 Measurements were made on frozen images, magnified to standard size, on-line. The IMT value was defined as the mean of the right and left common carotid artery (MCCA) or internal carotid artery (MICA), calculated from 10 measurements on each side, taken within 10 mm proximal to the carotid bifurcation. The lumen/intima leading edge (I line) to media/ adventitia leading edge (M line) method was used. [21] [22] [23] Two patients did not included in the analysis for pure ultrasonographic data.
Echocardiography
All subjects underwent standard two-dimensional M-mode echocardiograms on the same or the next day of ABPM. Left ventricle dimensions were measured using the guidelines of the American Society of Echocardiography. 24 Left ventricular mass was calculated according to an anatomically validated formula. 25 
Statistical Analysis
The SPSS 10.0 (SPSS Inc., Chicago, IL) statistical package was used to analyze the data. P Ͻ .05 was considered statistically significant. Standard descriptive statistics, two-tailed Student t test, Pearson's correlation analysis, multivariate linear regression analysis (stepwise selection method, criteria: probability of F to enter Ͻ ϭ 0.05, probability of F to remove Ͼ ϭ 0.100), logistic regression analysis (forward stepwise method [LR], probability of F to enter Ͻ ϭ 0.05, probability of F to remove Ͼ ϭ 0.100) and 2 test were used where appropriate. The collinearity statistics tolerance (tolerance ϭ 1 Ϫ R i 2 , where R i is the square multiple correlation of that variable with the other independent variables) and variance inflation factor (VIF) were used for collinearity diagnostics. The default value for tolerance was 0.0001. All variables must pass this criterion to be included in an equation, regardless of the selection method used (SPSS Base Applications (ROC) Guide, 1998, SPSS Inc.). Receiver operating characteristic curve analysis was used. Risk estimate odds ratio and 95% of confidence interval (CI) for the odds ratio were also used.
Results
General Characteristics of the Patients
The population consisted of 51 subjects with no evidence of lesions in their coronary arteries (control group) and 339 subjects with CAD (luminal stenosis Ͼ50% in at least 1 major coronary artery).
Demographic data of the two groups are listed in Table 1 as mean Ϯ SD. Clinic systolic BP, clinic diastolic BP, mean 24-h systolic BP (SBP24), mean 24-h diastolic blood pressure (DBP24), mean daytime and night-time systolic/ diastolic BPs did not significantly differ between the two groups ( Table 1) . Of the control group subjects, 27.7% and of the CAD patients 30.5% had clinic BP values higher than 140 mm Hg for systolic or 90 mm Hg for diastolic BP. Clinic heart rate (HR), mean 24-h/day/night HRs did not differ between the two groups. Also, 24-h/day/night pulse pressure did not differ between groups. Body mass index and left ventricular mass index (LVMI) did not differ between groups. Also, the two groups did not differ in age, gender, fasting serum glucose, and cholesterol levels.
Analysis of Carotid Artery IMT in Control and CAD Subjects and Association With Gensini Score
Mean IMT of the common carotid artery was 0.68 Ϯ 0.14 mm in the control group and 0.78 Ϯ 0.20 mm in the CAD group, a difference that was statistically significant (P Ͻ .0001). Also, mean IMT of internal carotid artery was 0.66 Ϯ 0.22 mm in the control group and 0.85 Ϯ 0.40 mm in the coronary artery group (P Ͻ .0001).
The statistically significant correlations (bivariate analysis) between ABPM variables, age, parameter of echocardiography, LVMI, Gensini score, and IMT of carotid arteries in all 390 patients are shown in Table 2 . The MICA was not correlated with clinic systolic/diastolic BP, clinic HR, DBP24, standard deviation (SD) DBP24, 24-h HR, SD 24-h HR, left ventricular end-diastolic diameter/ body surface area (BSA), left ventricular end-systolic diameter/BSA, posterior wall diastolic thickness/BSA, and BMI. The MCCA was not correlated with clinic diastolic BP, clinic HR, DBP24, SD DBP24, 24-h HR, SD 24-h HR, left ventricular end-diastolic diameter/BSA, left ventricular end-systolic diameter/BSA, interventicular septum diastolic diameter/BSA, and BMI. 
Parameters Associated With Gensini Score
The Gensini scores were correlated with MICA (P Ͻ .005), LVMI (P Ͻ .005), left ventricular end-diastolic diameter/BSA (P Ͻ .001) and left ventricular end-systolic diameter/BSA (P Ͻ .001). History of smoking (P Ͻ .05), history of diabetes (P Ͻ .05), history of hypertension (P Ͻ .006) were also correlated with the severity of CAD. There was a statistically significant difference in the number of white blood cells between control and the CAD group and also ejection fraction was significantly lower in the CAD group. Dippers (mean systolic BP day-mean systolic BP night Ͼ10% mean systolic BP day) and non-dippers did not differ in Gensini score (27.6 Ϯ 10.6 and 30.4 Ϯ 10.1, respectively) or the number of damaged coronary arteries (1.30 Ϯ 0.8 and 1.31 Ϯ 0.9, respectively). Extreme dippers (mean systolic BP day-mean systolic BP night Ͼ20% mean systolic BP day) had significantly higher Gensini score (64.4 Ϯ 12.2) than dippers (P Ͻ .01), but the number of patients was low (n ϭ 5). The CAD population consisted of 31 subjects who had the highest values of 24-h systolic BP during the first 3 hours after awakening (morning high systolic BP group) and 294 subjects with the highest values during other hours of the day or night (not morning high BP group). Morning high systolic BP group did not differ in Gensini score (31.3 Ϯ 10.7 and 33.7 Ϯ 10.2, respectively) from not morning high BP group. Night low diastolic BP group also did not differ in Gensini score or number of damaged coronary arteries from day low diastolic BP group (30.5 Ϯ 10.1 and 33.3 Ϯ 10.5, respectively). However, night low systolic BP group had statistically higher Gensini scores than day low systolic BP group (38.5 Ϯ 9.9 and 27.9 Ϯ 10.3, respectively, P Ͻ .05).
Relationship Between IMT of Carotid Arteries and CAD
Multivariate regression statistical analysis revealed that MICA (F ϭ 12.99, P ϭ .005) was correlated with Gensini score independently of BP parameters and LVMI (Fig. 1) . Also, logistic regression analysis revealed that mean carotid arteries IMT was the only parameter in the equation with the presence of CAD with P Ͻ .0064 and R ϭ 0.26. Patients with one, two, or three damaged vessels had significantly higher MICA than control patients (Fig. 2) .
The receiver operating characteristic plot for the use of carotid IMT to predict the presence of significant CAD (mean IMT predicting vessels with Ͼϭ 50% stenosis) is shown in Fig. 3 . The test variables MICA and MCCA has at least one tie between the positive actual state group and the negative actual state group (area under the curve ϭ 0.707, P Ͻ .0001 and area under the curve ϭ 0.659, P Ͻ .005, respectively, and cutoff values of 0.85 and 0.80, respectively), which demonstrates both high (Ͼ70%) sensitivity and specificity, suggesting that IMT is a clinical useful test for the presence of significant CAD.
The risk of CAD in the lower quartile of IMT (25%) was 0.68 (CI 0.55 to 0.84), but the risk of CAD in the higher quartile of IMT (75%) was 3.13 (CI 1.06 to 9.28) suggesting that patients of higher IMT had higher CAD risk.
FIG. 1.
Regression analysis between Gensini score and mean intimamedia thickness of internal carotid artery (MICA). None of our control patients, aged Ͻ60 years, had values of IMT higher than 0.8 mm. On the other hand, all CAD patients, aged Ͻ60 years, that had values of IMT higher than 0.8 (n ϭ 80) had significant coronary artery lesions.
Discussion
In the present study we investigated the possible association of coronary artery lesions with carotid IMT. We found that IMT of carotid arteries was significantly correlated with coronary artery lesions.
It is known that hypertensive patients have increased IMT values and also that hypertension is a risk factor for CAD. 26 -30 Blacher et al 31 had showed that the presence and extend of carotid atherosclerosis is associated with cardiovascular and all-cause mortality. It is also known that the aging process modifies the distensibility of carotid arteries. 32 Insulin resistance was found to be an independent risk factor for carotid wall thickening. 33, 34 Studies have shown that asymptomatic coronary disease is correlated with stroke. 1 Ebrahim et al 2 also reported the relation of IMT of common carotid artery with risk factors of stroke and with the prevalence of stroke. Cupini et al 35 reported that IMT values of common carotid artery were significantly higher in patients with nonlacunar stroke versus both those with lacunar stroke and control subjects. Studies suggested that there is a correlation between CAD risk and carotid artery structure. 36 -38 Hulthe et al 7 showed a significant correlation between the ultrasound measurements of IMT of the carotid bulb and diameter stenosis of the included coronary segment. On the other hand, Adams et al 8 reported that common carotid IMT was only weakly correlated with the extent and severity of CAD. Patients had not undergone 24-h ABPM in any of these studies to exclude any potential effects of ABPM parameters in the relation between carotid IMT and coronary atherosclerosis.
The hypothesis of this study was that atherosclerosis is not a disease of one site of the human body but it is present in all arteries. The population of our study was patients that had undergone coronary arteriography, therefore the presence or absence of coronary artery lesions was verified. We also measured IMT of carotid arteries and we found that the patients with significant coronary artery lesions had significantly higher values of IMT of carotid arteries than values of patients who had undergone coronary arteriography but not having coronary artery lesions. We also found that IMT of carotid arteries could predict the presence of significant CAD. MICA or MCCA values higher than 0.85 and 0.80, respectively, were shown as predictors of the presence of significant CAD. This observation suggests a parallel increase in IMT and coronary artery lesions. Possible limitation of our study is that the ABPM values were collected 1 month after the coronary angiography and that an observation study could not separate cause from effect. Patients with extended atherosclerosis and higher Gensini scores did not had higher 24-h BP levels. A possible explanation of this finding is that extended CAD induces reduced left ventricular function to alter the BP levels.
In summary, our results provide evidence that measurements of IMT of carotid arteries are at least as useful as other known risk factors to screen for coronary artery lesions and may support research for early diagnosis of CAD in patients with increased IMT of carotid arteries.
FIG. 2.
Differences in IMT of carotid arteries between control patients and those with coronary artery disease. *Statistically significant difference at the .05 levels. IMT ϭ intima-media thickness.
FIG. 3.
The ROC curve analysis for use of carotid IMT to predict the presence of significant coronary artery disease. ROC ϭ ....; other abbreviation as in Fig. 2 .
